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A NIGHT-TIME MEASUREBHENT OF OZONE ABOVE 40 KM
by
Edith X. Reed and Reuben Scolnik
Goddaxyd Space Flight Center
National Aercnautics and Space Administration
Greenbelt, lMaryland
ABSTRALT
The ozone distribution beatween 40 and 70 km

was measured near micdnight, May 27, 1960, from
Wallops Island, Virginia by means of photoreters
sensitive to the ultraviolet airgiow at wavelengtihs
between 2400 and 29G0 A. IDslow GO km, the cdensities
are within a factor of itwo of the dzyiiune photo-
chemical equilibrium, as represented by Johuson's
laue afternoon measurement of June 14, 1949, Above
60 km the ozone density increased with altitude,
with its maximum increass, a factor of 6 over the

day time value, occurring at 63 xm,
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INTEQDUCTION

At bigh 2ltitudes, above the principnl cmone Dnimum,
ozone concentration as a function of zltitude shouid he
governed principally by the presence or absence of suniight,

and vary in a predictable manner fro%)day to night aud
a

fron season to season [Chapmen, lgusd The first Jdircet
peazurezent of the daytime profile was a result of siudies

2 the sun conducted by the Xaval Resecarch Laboratory on
a V-2 rocket in 1949, Ozone densitics up to 70 knm wore
deduced from solar specira sad vere consistent with computed
photoequilibrium profils [Johnson, et al, 1952}, Chcorocan
also suggested that at high aliitudes, above the ononc
maximum and below the atomic ocxygzen maxinum, czone wovrld

incraase at night as a resclt of a2 renection betweer saionmic
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and melecular oxygen. Sseveral have

nwierically, including

[1961], Paetzold [1861], wWnllace [1962], and Hunt [12304],
but with varying resulis, depending on the set of roactiions,

reaction.rates, and initial concentrations which were

o

chosén. Of particular difficulty is the coemputatiocn of the
efiects of minor comstitusnts suck as hydrogen nitrogoen
oxides, 2nd the bydroxyl radical.

Ground based measwreuents of ozmcne content at toous
altitudes nave not bsen satisfactory., Heagurcmouts of

total ozone content are nct parti ﬁlarly helpiul since




vaxri ations in the ozone content below 30 km due to air
novements are comparable to the sxpccted night tine
increasie at higher altitudes, IHHowever, the discovery of
the ultraviolet airglow and 2z general improvement in the
techniques of ultravioclet photometry made a night tinm
neasurement of ozons feasible,

In 1957, the Maval Resesrch Laborgtory flew sn ultra-
violet photometer with a response fronm 2800
did observe an ultraviolet sirgicow layer centsred at 101
km [Tousey, 1958]. This Lad Leen predicted frou lavyatory
observations which showed that the Herzberg bands of wmolecular

oxygen, the visible end of which had been observed in the

airglow [Chamberlain, 1253], extend to 2583 A im ihe aitra-

. e 4 3 .
violet [Droida and Cavdon, 1834}, Dut because aa unkaown
A ———— BT —————

eriocunt of the cobserved airglow could be due to an I line
et 2572 A, whore the £iltor transmicsion ig still 16% of

its maximum; the ozone Ceusity could not be ceterminsd
unanbiguocusly,

In ¥ay 1960, Goddard Space Flight Center flew a number
of ultraviolet photometers, including some whose {ilier
were.. centered at 2620 A and zszyyrow enough so that tha
absorption cross cection of ozone varicd by only 50% over
the bandwidth of the filter. fThese data, when interpreted
with tte 2id of zn airglow specirum ckizined by T. Stecher
{of GSEC), provide an ozone density profile beiween 40 and

70 km.
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Pase 3

AT
INSTRUMENTATIY

NASA Aerobee 4.05, one of a series of payloads
designed for stellar photometry [Doggesa, 1861], ained
three pairs of photoelectric phetometers, each psir mounted
120 degrees apart around the rocket axis {(See Figure 1)
looking out at three different angles to iThat axis:

n

nominally, 75°, 807, and 185%. GCns photonmeler of each

pair was sensitive to light in the specirzl region contered

bt

near 2620 A, while the resnonoe of the oiher was centered
near 2260 A, but with their opiical amncs parallel. :nch
pair was mounted oz & removable door, which, when lastalled,
became an integral part ¢f ithe rocket sSkin., Since the
principal purpose of this ipsirumentation was ultravioclet
staxr speciroscopy, 2620 A photonct
the 20680 A ones {(fo reduce ambiguiiy 1ln Tho interpreuation
of stellar data due fo the sirong =macsncsium doublov i
2800 A). Iowever, to correlate ths daitz from thisz fiight
with that of earlier flights, ong 26850 A photometoy uvas
included. This was mounied on the door containing tho 90°
photometers, and also locked at 90% with respect to the
rocket axis,

The optical éys%em of each photometer was similar
and is ghown in Bigure 2, <{zicium fiuoride was used for
all lenses in the 2280 A units; quartz for those in <The
2620 and 2680 A photometers, The field of view hoa & total

width of between 4 to 5°.



Izolation of the 2800 4 veylon was achieved Ly
combining two millimeters of $,05% leaxd-doped IL1:¥or

{1:1) crysial with Cation-X iz Ihin shesis of poiwy

alcohel [Childs, 1961]. Torec millimeters of nickel ::ilat

hexahydrate provided a sharp cutoe?f for longer waveler 7tis}

one Corniny #7-54 and one Coraning 9-54 filter sherpenc: the

shorter wavelength cuteff. 4 typical fiiter had a troas-

mittacce of 0.18, an effective wavelength of 28%0 4 sl o

200 A pandwidth,

The 2700 A filter consistod of three Corning 7-04

filters, one sheet of Cation-X and 5 millimeterg of al
sulfate hexahydrate. It had an effective wavelength of
28380 &, a transmititance of 0,18, and a bandwidth of IE5 4,
The rolative spectral response of the filters {(sc:
Figure 4) was measured by €. Ciilds, formorly of thic

~ -

laboratory, with a3 recording speciropiactomnster, Lary owg

(=] By

poi

#14, with an analytical asccuracy of & of 1% for relamtive

spectral transmission, a wzvelongth calibration of 44, cnd

a resolving power of 1A, Over the wavelength regions covered

constant sensitivity and the iences a constant traasmissivity.

The relative response of the photometars was deterninsd Ly
use of the 25337 A 1line, to which all ithree types of ph

meters respond with an easily measured signal.
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The ozone s relatively transparent to the light pacsed by
the 2260 A Iilter, and the Irigstening of the airgicw =zt
the horizons can be clearly seen., (The light is probadbly
of wavelengths longexr than 2700 A, passed through the long

wavelength tall of the 2280 & filter.) 7The southern

k3 o £ e 3= sk T Le Iy wao e Y
2, the siganl Ircm the 2628 A pholozmsicor roocibled

airglow layer, the sky w

stars} and the earth app

- 4 oz e et e oD pTae e gy e o~ = e P
The rocords were read at the widnoint beoitween horizer-. znd

- Fo 4 Lo P L N R S £ . R i n bem oY
analyzed o yield both g dicovikultion of ocmsneg with siiitude

fho data obtained in Lo rosion of interest iw o hwown
in Pigure 8, Data from S of the 7 puoctomelsrs proved to

be useful for ozons measuranmzats. The pzoss band of the

three 2260 A photometers was too wids to pernit an socurate

determivation of an efiecitive crosg seotion for ozcnc: the
down icoking 2620 A photometer could not zeg the airiics
while the vehicle was below the alrglow layesr, Yata z-iats
for the plotometers are shown to imdicate the scatizl L

tne raw data. AsS would Lo expesicd, the scatier inc:ioisd
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